Cytomegalovirus is the most common congenital infection causing serious disease in infants. It is the leading infectious cause of sensorineural hearing loss and neurodevelopmental disability in developed countries. Despite the clinical importance of congenital cytomegalovirus, surveys show there is limited awareness and knowledge in the medical and general community about congenital cytomegalovirus infection. This article reviews the clinical features, global epidemiology, transmission and risk factors for cytomegalovirus infections. It also highlights several major advances made in recent years in the diagnosis and prevention of cytomegalovirus infection during pregnancy. Although research is ongoing, no therapy is currently proven to prevent or treat maternal, fetal or neonatal cytomegalovirus infection. Education of women regarding hygiene measures can help prevent cytomegalovirus infection and are currently the best strategy to prevent congenital cytomegalovirus disease.
Human CMV infection
Human CMV is a virus that infects most of the human population at some stage in their lives. It is a member of the Herpesviridae family of viruses, which includes herpes simplex virus type 1 and type 2, Varicella Zoster Virus, Epstein-Barr virus, Roseolovirus (HHV-6 and HHV-7), and Kaposi's sarcoma-associated herpesvirus or HHV-8. 1, 2 Initial infection (also known as primary infection) consists of a period of active virus growth with virus shedding in saliva, breast milk, urine, genital secretions, and presence in blood (the viraemic phase), most of which are asymptomatic. 3 CMV secretion from saliva, cervix, stool and urine can be constant or intermittent and last for weeks in adults but may continue for months or years in young children. 4 CMV is not cleared from the host, but persists throughout life in a resting (latent) form. That is, any person who has CMV antibody present in serum (seropositive) has had previous infection and has latent virus present somewhere in their body. Latent infection is characterized by either a low level or absence of detectable virus growth in peripheral blood mononuclear cells (CD14 þ ) and cells in the bone marrow (CD34 þ and CD33 þ ). 5 Latent CMV may become reactivated and grow after stimuli such as inflammation or immune impairment due to pregnancy, some diseases, medical treatment with immunomodulating agents such as corticosteroids, chemotherapy and immunosuppressive therapy post-transplantation. 6 Hormonal changes related to pregnancy may also stimulate reactivation of CMV, since viral secretion in urine and cervical-vaginal fluids increases during pregnancy with increasing gestational age. 7 Sequence variability across the large viral genome generates extensive viral strain diversity, 8, 9 which may allow re-infection of the infected person by another strain of CMV (non-primary infection). 6 Infection with CMV is generally asymptomatic in immunocompetent people, although clinical symptoms of primary infection can include a glandular fever (mononucleosis) syndrome characterized by flu-like symptoms, or occasionally persistent fever. Laboratory tests may show elevated lymphocyte counts (lymphocytosis) and/or elevated liver transaminase levels. 10 Despite the generally clinically silent nature in immunocompetent people, CMV infection is a significant health issue in immunocompromised individuals, where there is increased risk of morbidity and mortality. 6 In addition, CMV infection has been associated with long-term consequences including immune senescence, age-related alteration and dysfunction of the immune system, leading to reduced protective immunity, however this is still under investigation. 11, 12 Key issues of cytomegalovirus infection during pregnancy . Knowledge and awareness of cytomegalovirus (CMV) infection during pregnancy is limited among parents. . CMV is present in latent form in all seropositive mothers. . CMV is the leading infectious cause of congenital malformation. . Transmission to the fetus occurs more often upon primary CMV infection than virus reactivation or re-infection with a different strain. . Hygienic precautions such as hand washing and wearing gloves after changing nappies reduce incidence of primary CMV infection of seronegative women.
Epidemiology of CMV infections
CMV is a global infection, with seropositivity in women of reproductive age ranging from 45 to 490%. 1, 13 CMV seroprevalence varies between countries and tends to be higher in developing countries (490% in Brazil, 70-80% in Ghana, 490% in India, 80-90% in South Africa and 490% in Turkey) and lower in developed countries (40-70% in Western Europe, 60-70% in Australia, 60-70% in Canada and 50-60% in the United States). 13 Even within countries the rates of CMV seropositivity in women vary by socio-economic status and ethnicity. 13, 14 Seroconversion, representing a primary (first) infection, occurs annually in approximately 1-2% of seronegative pregnant women. 15 Anytime during pregnancy, primary or non-primary maternal infection (i.e. reactivation of a woman's latent virus or re-infection with a different strain) can lead to CMV crossing the placental barrier and infecting the fetus, resulting in congenital CMV (cCMV) infection. [16] [17] [18] The prevalence of cCMV has been reported to occur in 0.2-2% (average of 0.64%) of pregnancies in the US, Canada, Australia and Western Europe. [19] [20] [21] [22] In addition, the limited studies in developing countries, including Latin America (Chile, Brazil, Mexico and Panama), Africa (Ivory Coast and Gambia) and Asia (Korea, Taiwan, China and India) have reported a birth prevalence of cCMV infection ranging from 0.6 to 6.1% of pregnancies. 23 Based on the number of live births per year 24 and reported cCMV prevalence, 20-23 this translates to an estimated 0.12 million cCMV infections annually in developed regions and 0.7-4.5 million cCMV infections per year in those developing countries that report their infection rates.
Congenital CMV transmission and disease
The risk of CMV in utero transmission leading to severe adverse fetal and neonatal outcome is reported to be much greater for primary maternal infection during the first half of pregnancy compared to non-primary infections or infection in the second half of pregnancy. 25 Transmission to the fetus occurs in 14.2-52.4% (average of 32.4%) of primary infections, whereas 1.1-1.7% (average of 1.4%) of nonprimary infections lead to fetal infection ( Figure 1 ). 20 However, considering the high seroprevalence of CMV, it is estimated that more than two-thirds of CMV-infected newborns are born to mothers who are already CMV seropositive. Therefore, non-primary infections are likely to contribute to more cases of cCMV disease. 17, 26 Congenital CMV infection may result in fetal death in utero, neonatal death, intrauterine growth restriction, preterm birth and maternal pregnancy complications including preeclampsia. [27] [28] [29] [30] [31] [32] Approximately 10% of infected newborns are symptomatic, with findings including unilateral or bilateral sensorineural hearing loss, vision loss, optic atrophy, strabismus, chorioretinitis, microcephaly, hepatomegaly, splenomegaly, thrombocytopenia, petechiae, jaundice, seizures and mental disability ( Table 1) . 19, 20, 32 Additionally, approximately 15% of initially asymptomatic CMV-infected newborns develop long-term neurological Figure 1 . Relationship of maternal seroprevalence and the risk of intrauterine cytomegalovirus transmission during pregnancy. Transmission to the fetus occurs in 14.2-52.4% (average 32.4%) of women who seroconvert during pregnancy, whereas transmission occurs in 1.1-1.7% (average 1.4%) of pregnant women who have a recurrent infection (reactivation of latent virus or re-infection with a different CMV strain). 13, 20 sequelae before the age of 5 years. 13, 19, 21, 33 Clinical injury to the developing fetus may result from damage caused by the virus directly to the CMV-infected fetus. 34 However, increasing evidence indicates that fetal injury can result from indirect effects through placental infection and placental dysfunction. 27, [35] [36] [37] CMV is now the leading nongenetic cause of congenital malformation in developed countries. 13 Despite this, the extent of the problem with cCMV infection is largely unrecognized by mothers, fathers, obstetricians, midwives, paediatricians, medical students and other clinicians. 1, 20, [38] [39] [40] Transmission and risk factors for maternal CMV infection CMV can be transmitted via body fluids from a person who is shedding CMV through breast feeding, close contact, sexual activity, blood transfusion and organ transplantation. 6 Recent risk estimates for maternal primary infection demonstrated seronegative mothers with children in day care are at significant risk of becoming infected with CMV. Children attending day care frequently acquire CMV from other children. 4 Approximately 50% of mothers with a CMV-infected child less than 2 years of age attending day care seroconvert within 1 year of commencement at day care. 41 In addition to contact with urine or saliva of a child who is secreting CMV, a CMV-seropositive partner is an additional possible risk factor for seroconversion during pregnancy, as CMV is present in semen, and can be transmitted sexually. 15 Preconception testing and maternal screening for CMV Preconception screening for CMV can assist in pre-pregnancy counselling and guide in preventive measures for seronegative women.
A recent cohort study, conducted at a fertility clinic, reported that advising recently seroconverted women (1.4%) to postpone fertility treatment prevented exposure to primary infection in early pregnancy.
In addition, none of the seronegative women in this cohort (15.5%), who were educated on hygiene measures to reduce exposure to CMV, seroconverted during the 1 year follow-up. 42 Additionally, identification of maternal primary infection during pregnancy assists in determining the risk of in utero transmission to the developing fetus and the possibility of fetal abnormalities. Our advancing knowledge of cCMV now fulfils many of the World Health Organization criteria outlined in papers by Wilson and Jungner 43 commonly applied to universal screening test -CMV is an important health problem, diagnostic testing is available and the natural history of cCMV is known. However, preconception testing and universal screening of pregnant women for CMV is not recommended due to the absence of treatment for intrauterine CMV infection and remains a controversial issue. 44 Discussion about who and how to screen continues in Australia and elsewhere. 44, 45 Nevertheless, in parts of Europe and Israel pregnant women are routinely serologically screened for CMV, with the objective of prenatal diagnosis. 46, 47 
Diagnosis of maternal CMV infection
Serological tests that detect CMV-specific immunoglobulin G (IgG) antibody in initially seronegative women, can reliably confirm primary CMV infection, although such matched tests over time are rarely available. 48 In order to ascertain baseline IgG seronegativity, a serum sample prior to conception or from the earliest antenatal visit is required, which is unavailable for most pregnant women. In the absence of a baseline sample, the detection of reactive CMV-specific IgM antibody may indicate a recent maternal CMV infection. However, reactive CMV IgM antibodies may be detected upon both primary and nonprimary infections, and may persist for a long period of time (years) in some women following primary infection. 49 Therefore, the presence of reactive CMV IgM antibodies should be complemented by determining the maturity (avidity) of CMV IgG antibodies. 50 Increasingly tests for 'IgG avidity' are used to distinguish primary infection from reactivation in IgM seropositive women. These tests use the fact that in the first 18-20 weeks following infection CMV IgG antibodies that bind less tightly with their target protein are produced (low-affinity CMV IgG antibodies). Subsequently, CMV IgG antibodies with higher avidity (460% binding in most assays) are generated. Therefore, IgM positivity and low-affinity CMV IgG antibodies indicate a recent primary infection, and when detected before 12-16 weeks of gestation indicate a high risk for congenital infection. 51, 52 Prenatal detection of fetal CMV infection When a primary maternal infection is diagnosed or suspected, accurate detection of a CMV-infected fetus is important for further evaluation and informative parental counselling on expected outcomes of the pregnancy. 53 It is recommended that referral is arranged to an expert with experience in the diagnosis and management of CMV infection in pregnancy, to ensure appropriate investigation and management is arranged. Numerous fetal structural and growth abnormalities have been described associated with cCMV infection, including intrauterine growth restriction, microcephaly, ventriculomegaly, periventricular calcification, echogenic bowel, polyhydramnios, hydrops, pleural effusion and placental enlargement. 54, 55 These abnormalities may be detected on a fetal ultrasound, however, these ultrasound features are non-specific. 55, 56 Ultrasound is an insensitive method for detecting cCMV, missing up to half of infected fetuses. 55 In addition, fetal ultrasound abnormalities may only be detected late in the pregnancy and may change or even disappear with time. 54, 56 Moreover, lack of ultrasound findings does not exclude cCMV disease, since 15% of asymptomatic CMV-infected newborns later develop long-term neurological sequelae. 13, 19, 21 The diagnosis of fetal CMV infection is best made using amniocentesis as CMV is excreted into the amniotic fluid through fetal urine. Therefore, amniocentesis should be performed after 20-21 weeks of gestation, once fetal urination is well established. Transmission of CMV from mother to the fetus may not occur immediately upon maternal infection, since CMV is not present at detectable levels in the amniotic fluid until 6-9 weeks after infection of the mother. Thus, to avoid false negative results, amniocentesis to diagnose cCMV infection should be performed at least 6 weeks after primary maternal infection and after approximately 21 weeks of gestation. 57 Amniotic fluid is usually tested for the presence of CMV using nucleic acid tests (NAT) such as Polymerase Chain Reaction (PCR), but can also be detected using older techniques such as virus culture or direct fluorescence. The efficacy of these methods has been evaluated in recent studies where virus cultures of amniotic fluid detected cCMV with a 77% sensitivity and specificity of 100%, 58 whilst PCR detected cCMV in amniotic fluid with a sensitivity ranging between 75 and 100%, and a specificity between 67 and 100%, depending upon the PCR method used (nested, one-round or real-time PCR). [59] [60] [61] False positive results for both these methods are rare and are mostly explained by contamination of amniotic fluid with maternal blood. For maximal accuracy, amniotic fluid should be tested for CMV using viral cultures and PCR, although in practice most laboratories only perform NAT (PCR) tests. 62 
Postnatal diagnosis of fetal CMV infection
Postnatal detection of cCMV infection may allow for early intervention to improve clinical outcomes for the infected newborn. 45 The standard method for the diagnosis of cCMV infection in newborns is NAT such as PCR on newborn urine and blood, although virus culture of urine is the traditional reference test. CMV can be cultured from body fluids, including urine, saliva, cerebrospinal fluid, bronchoalveolar lavage fluid or tissue from biopsy specimens.
As an adjunct to culture techniques, PCR amplification of CMV DNA from saliva or dried blood spots is a rapid method to diagnose cCMV infection, although the assay is insensitive, missing up to half of all infected newborns. [63] [64] [65] Detection of CMV-specific IgM in neonatal serum may also disclose congenital infection. However, care must be taken when measuring antibody titres for the diagnosis of cCMV, since IgM antibodies are only present in 20-70% of infected newborns. 66 Notably, detection of CMV in a newborn older than 2-3 weeks could be the result of intrapartum or breast milk acquired infection. 67 Consequently, virological and serological tests will no longer distinguish congenital from postnatal CMV infection. Therefore, diagnostic testing should occur within the first 3-4 weeks of life, although earlier (52 weeks age) testing is best if available. 68 
Prevention and treatment of intrauterine CMV infection
Vaccines are currently under development and antiviral treatment for pregnant women (using valaciclovir) is being evaluated in a randomized clinical trial (Clinical Trial Identifier: NCT01651585). [69] [70] [71] Additionally, recent studies have focused on passive immunization of pregnant women with CMV infection with hyperimmune globulin (CMV HIG) to reduce the rate of vertical CMV transmission and improve the outcome of the newborn. 72 CMV HIG is an expensive pooled, high-titre immunoglobulin preparation derived from donors with high levels of CMV antibody. A prospective non-randomized observational study reported that intravenous CMV HIG infusions to pregnant women with primary CMV infection reduced the rate of mother-to-fetus transmission to 16% from 40% in women who did not receive HIG, and that the risk of cCMV disease was decreased (from 50 to 3%). 73 Subsequent non-randomized studies reported a reduction in the number of congenitally infected newborns born to mothers who had been treated with CMV HIG or improved outcomes in CMVinfected infants. [74] [75] [76] [77] On the contrary, the Congenital HCMV Infection Prevention (CHIP) study, a randomized controlled trial, did not demonstrate a significant reduction in the rate of transmission of CMV infection among women receiving CMV HIG compared to women receiving placebo. 78 A meta-analysis of the only two controlled studies suggested some benefit of CMV HIG in primary infection, although the benefit detected was small. 72 The CHIP study also reported a higher rate of preterm deliveries among the pregnant women who received CMV HIG. 78 However, a recent retrospective observational study did not find an association between receipt of maternal CMV HIG and prematurity or growth restriction. 79 An additional two randomized clinical trial studies of the prevention of cCMV infection are currently ongoing in Europe 80 and the United States (ClinicalTrials.gov number, NCT01376778). The findings from these studies should further our understanding of the efficacy and safety of CMV HIG administration to prevent cCMV infection.
Prevention of maternal CMV infection
In the absence of proven therapeutic options, prevention of CMV infection in women of reproductive age is an important strategy to reduce the rate of cCMV infection. Studies have demonstrated the effectiveness of educating pregnant women on simple and inexpensive measures to prevent CMV transmission. [81] [82] [83] These hygiene measures include washing hands after close contact with a child; not sharing food, utensils, cups or washcloths with a child; not kissing a child on or near the mouth; and cleaning surfaces that come in contact with a child's urine or saliva. 84 A recent study demonstrated that mothers with a child in group day care, educated on measures to prevent CMV transmission, had a significantly lower rate of CMV infection in pregnant mothers (3%) when compared to non-pregnant mothers and mothers attempting conception (42%). 82 These observations were supported by an additional study where hygiene counselling on cCMV reduced maternal seroconversion rate at 36 weeks (0.19%) compared to controls prior to counselling (0.42%). 83 Educating pregnant women about these hygienic precautions to reduce their risk of CMV acquisition ( Table 2) has been recommended by the Centers for Disease Control and Prevention (CDC) and the American College of Obstetricians and Gynaecologists (ACOG). 85, 86 Conclusion CMV remains a significant global health concern, with intrauterine CMV infection being the most frequent non-genetic cause of severe malformation in the newborn. Several major developments concerning CMV infection in pregnancy have been made in recent years. Sensitive and specific methods now exist for serological diagnosis of a maternal primary CMV infection, including tests to determine the avidity index of CMV IgG antibodies and the presence of IgM. To diagnose prenatal CMV infection, innovative virological tests have been developed to detect virus in the amniotic fluid, saliva or dried blood spots. Despite ongoing research, no effective therapy is currently proven to prevent or treat congenital infection. Vaccines are under development and recent studies on efficacy of administration of CMV hyperimmune globulin or antiviral drugs to pregnant women with primary CMV infection await confirmation in ongoing randomized studies. Until an effective therapy is available, education of women regarding hygiene measures that can help prevent CMV transmission is the best preventive strategy for cCMV. Obstetricians, midwives, obstetric physicians and other clinicians can lead the way in ensuring that this vital education becomes part of prenatal care.
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Thoroughly wash hands with soap and water for 15-20 s, especially after:
changing nappies feeding a young child wiping a young child's nose or drool handling children's toys Do not share food, drinks or utensils used by young children. Do not put a child's dummy in your mouth. Do not share a toothbrush with a young child. Avoid contact with saliva when kissing a child. Clean toys, countertops and other surfaces that come into contact with children's urine or saliva.
